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ABSTRACT

Temporary t h r e s h o l d  s h i f t  (TTS) i s  r e l a t e d  t o  t h e  t ime p a t t e r n  of  
n o i s e  exposure in a r e l a t i v e l y  complex f a s h io n .  This  r e l a t i o n s h i p  
e s s e n t i a l l y  i nvo lves  t he  o n - f r a c t i o n ,  t he  pe r io d  o f  i n t e r m i t t e n c e  
and t h e  sound leve l  dur ing  no i s e  b u r s t s  and q u i e t  i n t e r v a l s .  Data 
from r e c e n t  s t u d i e s  on t he  i n f l u e n c e  o f  t h e se  exposure  parameter s  
and more s p e c i f i c a l l y  o f  t h e i r  mutual i n t e r a c t i o n  i s  reviewed.
Unpubl ished d a t a  i s  p r e se n t e d  on the  e f f e c t  o f  t h e  i n t e r a c t i o n  b e t ­
ween t h e  o n - f r a c t i o n  and t he  pe r io d  o f  i n t e r m i t t e n c e  on t h e  growth 
o f  TTS and a l so  on t he  e f f e c t  o f  t he  ambient  sound l eve l  on the  
r ec ove ry  from TTS. The p r e d i c t a b i l i t y  o f  TTS i s  examined in  the  
co n t ex t  o f  both l a b o r a t o r y  and r ea l  l i f e  c o n d i t i o n s .  The i m p l i c a ­
t i o n  f o r  t he  recommended exchange r a t e  between sound l eve l  and 
t ime in occupa t i ona l  no i s e  exposure  l i m i t s  and f o r  a d m i n i s t r a t i v e  
co n t r o l  o f  exposure  i s  d i s c us se d .

SOMMAIRE

Le découpage temporel  de l ' e x p o s i t i o n  S un b r u i t  i n t e n s e  j oue  un 
r ô l e  impor t an t  dans l ' a c q u i s i t i o n  e t  l a  r é c u p é r a t i o n  de l a  f a t i g u e  
a u d i t i v e  (DTS: déca lage  t e mpora i r e  des s e u i l s  d ' a u d i t i o n ) .  Les 
f a c t e u r s  en cause son t  l a  f r a c t i o n  t e m p o r e l l e ,  l a  pé r iode  d ' i n t e r ­
m i t t e n c e ,  l e  niveau sonore qui p r évaut  du ra n t  l e s  e x p o s i t i o n s  e t  
l e s  paus e s .  Un examen c r i t i q u e  des données s c i e n t i f i q u e s  d i s p o n i ­
b l e s  de même que l a  p r é s e n t a t i o n  de données o r i g i n a l e s  ont  permis 
de d é f i n i r  l e s  l i m i t e s  dans l e s q u e l l e s  on peut  p r é d i r e  l e  DTS dans 
des c o n d i t i o n s  d ' e x p o s i t i o n  en l a b o r a t o i r e  e t  en u s ine s  b ru yan t e s .
De c e t t e  ana ly se  on t  é t é  t i r é e s  des i m p l i c a t i o n s  à l ' é g a r d  de 
l ' a d o p t i o n  d ' un  c o e f f i c i e n t  de pondéra t i on  d u r é e - i n t e n s i t é  dans l e  
co n t e x t e  des l i m i t e s  d ' e x p o s i t i o n  au b r u i t  en m i l i eu  de t r a v a i l .

I n t r o d u c t i o n

N o i s e - i nduced temporary t h r e s h o l d  s h i f t  (TTS), sometimes c a l l e d  au d i to r y  f a t i g u e ,  i s  
a r e v e r s i b l e  l o s s  o f  hear ing  s e n s i t i v i t y  fo l l owing  exposure  t o  high sound l e v e l s .  This  
phenomenon has been s t u d i e d  e x t e n s i v e l y  under  l a b o r a t o r y  co nd i t i o n s  as a p o s s i b l e  p r e ­
d i c t o r  o f  occ upa t i o na l  hea r ing  l o s s  ( a l s o  termed " n o i s e - in d uc ed  permanent  t h r e s h o l d  
s h i f t " ,  PTS) f o r  a v a r i e t y  o f  no i s e  exposure  c o n d i t i o n s .  During t h e  l a s t  25 y e a r s ,  a 
f a i r l y  l a r g e  number o f  exper imen ta l  s t u d i e s  have been conducted on t he  i n f l u e n c e  o f  t he  
t ime p a t t e r n  o f  n o i s e  exposure  on growth and r ecovery  o f  TTS. They a l l  had a common 
j u s t i f i c a t i o n ,  t h a t  i s  t o  c o n t r i b u t e  t o  t he  i d e n t i f i c a t i o n  o f  hear ing  damage r i s k  c r i ­
t e r i a  f o r  i n t e r m i t t e n t  exposure  t o  i n d u s t r i a l  n o i s e .  This  c o n t r i b u t i o n  was f u r t h e r  em­
phas ized  by t he  s c a r c i t y  o f  r e l i a b l e  da t a  on occup a t i on a l  hear ing  l o s s  fo l l o win g  i n t e r ­
m i t t e n t  and v a r i a b l e  no i s e  exposures  ( R a d c l i f f e ,  1970) .  Because t h e s e  s t u d i e s  shared  
a common aim o f  p r e d i c t i n g  TTS in r ea l  l i f e  s i t u a t i o n s  (and from t h a t  p o i n t ,  t h e  p o s s i ­
b le  growth o f  permanent  t h r e s h o l d  s h i f t - P T S ) ,  they  a re  reviewed in t h i s  s p e c i f i c  c on t e x t .

The r a t i o n a l e  o f  t he  p r e s e n t  a n a l y s i s  i s  t h a t ,  a p a r t  from con s id e r i ng  t he  p o s s i b i ­
l i t y  o f  p r e d i c t i n g  PTS from TTS, one must  e s t a b l i s h  how TTS can a c t u a l l y  be p r e d i c t e d

* Text o f  an i n v i t e d  p r e s e n t a t i o n  a t  t h e  101s t  meet ing o f  t h e  Acous t ica l  S oc i e t y  of  
America,  Ot tawa,  May 19-22,  1981.
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f o r  a number  o f  r e a l  l i f e  c o n d i t i o n s  f o r  which i t  i s  s p e c i f i c a l l y  s e t  f o r t h  as a g u i d e ­
l i n e  f o r  l i m i t i n g  n o i s e  e x p o s u r e .

The v a r i a b l e s  t h a t  a r e  i n v o l v e d  in p r e d i c t i n g  TTS f rom i n t e r m i t t e n t  e x p o s u r e s  a r e  
t h e  o n - f r a c t i o n ,  t h e  p e r i o d  o f  i n t e r m i t t e n c e ,  t h e  sound l e v e l  d u r i n g  n o i s e  b u r s t s  and 
d u r i n g  q u i e t  i n t e r v a l s  and f i n a l l y  t h e  t o t a l  t ime  o f  e x p o s u r e .  T h e i r  r e s p e c t i v e  i n ­
f l u e n c e  and t h e i r  p o s s i b l e  mutual  i n t e r a c t i o n s  w i l l  be b r i e f l y  examined and i m p l i c a t i o n s  
on d i f f e r e n t  exchange  r a t e s  be tween sound l e v e l  and t ime  w i l l  be c o n s i d e r e d .

1.  The i n f l u e n c e  o f  t h e  o n - f r a c t i o n :

Because  o f  t h e  l a c k  o f  a s im p l e  model r e l a t i n g  t h e  v a r i a b l e s  j u s t  m e n t i o n e d ,  t h e  
i n f l u e n c e  o f  t h e  e x p o s u r e  p a t t e r n  on TTS i s  u s u a l l y  d e s c r i b e d  e s s e n t i a l l y  i n  t e r ms  o f  
t h e  o n - f r a c t i o n  r u l e  ( B u r n s ,  1969,  1973;  K r y t e r  e t  a l . ,  1966;  M e ln i c k ,  1978,  1979;  
S u l k o w s k i ,  1980;  Ward,  1963 ,  197 3) .  Thi s  r u l e  s t a t e s  t h a t  TTS f rom i n t e r m i t t e n t  n o i ­
s e  i s  l e s s  t ha n  i f  t h e  e x p o s u r e  i s  c o n t i n u o u s .  The r e d u c t i o n  i n  t h e  amount  o f  TTS2 
(TTS2 : TTS measured  2 min a f t e r  t h e  end o f  e x p o s u r e )  i s  p r o p o r t i o n a l  t o  t h e  r a t i o  o f  
t h e  t ime  n o t o c c u p i e d  by n o i s e  t o  t h e  t o t a l  t ime  o f  e x p o s u r e  (Ward e t  a l . ,  1958 ) .  T h i s  
was s a i d  t o  ho l d  f o r  b u r s t  d u r a t i o n s  between 250 msec and 2 min and f o r  sound e ne rg y  
above 1000 Hz.

Evi dence  show t h a t ,  f o r  a c o n s t a n t  t o t a l  amount  o f  sound e n e r g y ,  t h e  ma g n i tu de  o f  
TTS i s  s m a l l e r  as t h e  o n - f r a c t i o n  i s  d e c r e a s e d .  Th i s  i s  e x e m p l i f i e d  by t h e  d a t a  p r e ­
s e n t e d  i n  F i g u r e  1.  These  a r e  r e s u l t s  f rom an e x p e r i m e n t  c o nd uc t e d  in  o u r  l a b o r a t o r y :
8 normal h e a r i n g  s u b j e c t s  were  exposed  t o  a p ink  n o i s e  d u r i n g  128 m i n u t e s ;  t h e  o n - o f f  
p e r i o d  was equal  t o  1 min ,  t h e  o n - f r a c t i o n s  (R) were 0 . 1 ,  0 . 5 ,  0 . 9  and 1 and t h e  c o r r e s ­
ponding sound p r e s s u r e  l e v e l s  (Lp/\) were 106,  99 ,  9 6 . 5  and 96 dBA r e s p e c t i v e l y .  The ­
s e  Lp^ were  s e l e c t e d  in  o r d e r  t o  o b t a i n  a c o n s t a n t  t o t a l  amount  o f  e n e r g y  a c r o s s  t h e  4 
n o i s e  c o n d i t i o n s ,  t h e  sum o f  e n e r g y  be ing  e q u i v a l e n t  t o  90 dBA f o r  an 8 h ou r  e x p o s u r e .

O N  -  F R A C T I O N

F i g .  1. TTS2 a t  4 kHz as  a f u n c t i o n  o f  t h e  o n - f r a c t i o n  f o r  a c o n s t a n t  c umu l a t e d  sound 
e n e r g y  e q u i v a l e n t  t o  90 dBA f o r  8 h o u r s ;  p e r i o d  o f  i n t e r m i t t e n c e  = 1 min;  
t o t a l  e xp o s u r e  d u r a t i o n  = 128 min (N = 8)
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I t  f o l l o w s  c l e a r l y  fron the  r e s u l t s  pre sen ted  in Figure 1 ,  as we l l  as from those  from 
o t h e r  s t u d i e s  (Ward, 1976,  1981) t h a t ,  f o r  a c o ns ta n t  f i n a l  TTS2  at  4 kHz, the  exchan ­
ge r a te  between sound l e v e l  and exposure  t ime v a r i e s  i n v e r s e l y  wi th the  o n - f r a c t i o n ,  
provided t h a t  t h e  per iod  o f  i n t e r m i t t e n c e  i s  in the  range o f  one or two minutes .

But d e s p i t e  a r e l a t i v e l y  g r e a t  care o f  a l l  r e v i ewers  in s t a t i n g  the  l i m i t s  o f  the  
o n - f r a c t i o n  r u l e  ( s e e  Ward, 1963,  1973; Burns,  1969,  1973;  Melni ck,  1978,  1 9 79 ) ,  i t s  
i n t e r a c t i o n  w i th  o t he r  exposure  v a r i a b l e s  i s  r a th er  n e g l e c t e d ,  p o s s i b l y  because o f  the  
l a ck  o f  parametr ic  s t u d i e s  on t h e s e  i n t e r a c t i o n s .  N e v e r t h e l e s s ,  some i n d i c a t i o n s  are  
provided by th e  p r e s e n t l y  a v a i l a b l e  data as shown in Figure 2.  The o n - o f f  p e r i o d ,  the  
sound l e v e l  and the  f requency  c h a r a c t e r i s t i c s  o f  the  n o i s e s  s tu d ie d  are i d e n t i f i e d  a t  
t h e  bottom o f  t h i s  f i g u r e .  Al l  data were obrained a f t e r  8-hour  expos ure s ,  e x c ep t  f o r  
l i n e  A fo r  which i t  was 1 .7  hour.  I t  i s  worth ment ioning  t h a t  the  data po in t s  connec ­
t ed  by l i n e  A were part  o f  the  o r i g i n a l  data s e t  t h a t  s erved  as the actual  b a s i s  f o r  
the  o n - f r a c t i o n  r u l e .

When comparing the  s l o p e  o f  the  d i f f e r e n t  l i n e s  in t h i s  f i g u r e ,  one can s ee  t h a t  
TTS2  i s  c e r t a i n l y  not  a s imple  f un c t io n  o f  the  o n - f r a c t i o n  o f  the  n o i s e .  The r e l a t i o n ­
sh ip  between TTS2  and the  o n - f r a c t i o n  appears to  change
-  wi th  the  sound l e v e l :  comparing l i n e  B to  C and a l s o  l i n e  D to  l i n e  E shows t h a t ,  f o r  

s i m i l a r  o n - o f f  p e r i o d s ,  d i f f e r e n t  sound l e v e l s  are a s s o c i a t e d  wi th d i f f e r e n t  s l o p e s .
-  wi th  the  per iod  o f  i n t e r m i t t e n c e :  comparing l i n e  B to  l i n e  D for  i d e n t i c a l  sound 

l e v e l s .
-  p o s s i b l y  w i th  the  t o t a l  exposure  t ime:  as one compares l i n e  A, f i t t i n g  data f o r  

1 .7 -h our  exposures  wi th  l i n e  E, d e s c r i b i n g  r e s u l t s  f o r  8-hour  exposures ;  b u t ,  her e ,  
the  comparison i s  f u r t h e r  compl i cated  wi th a v a r i a t i o n  in the  per iod .

With a l l  t h e s e  i n t e r a c t i o n s ,  i s  i t  s t i l l  appropr ia t e  t o  de s c r i b e  the  i n f l u e n c e  o f  
th e  exposure pa t t e rn  s t r i c t l y  or  mainly in terms o f  the  o n - f r a c t i o n  rul e?

2.  The i n f l u e n c e  o f  the  per iod o f  i n t e r m i t t e n c e :

The i n f l u e n c e  o f  the  per iod o f  i n t e r m i t t e n c e  a lone  can be descr ibed  by the  r e s u l t s  
from 4 d i f f e r e n t  parametri c  s t u d i e s ,  as shown in Figure 3.  Line A r e f e r s  t o  8-hour  
exposures  to  an octave-band l e v e l  o f  85 dB and l i n e  B t o  95 dB. Line C corresponds  to  
data fo r  2-hour  exposures  to  a broadband n o i s e  a t  a sound pr es sure  l e v e l  o f  101 dB.
Line D r e f e r s  t o  TTS2  from an oc tave  band l e v e l  o f  112 dB during 52 min. I t  must be 
emphasized t h a t  a l l  s t u d i e s  bear s t r i c t l y  on exposure  i n v o l v i n g  an o n - f r a c t i o n  o f  0 . 5  
( e x a c t l y  0 .46  in the  case  o f  1 i ne D) .

General ly  s pe a k i ng ,  the  amount o f  TTS2  i s  e x p o n e n t i a l l y  r e l a t e d  to  the  per iod  o f  
i n t e r m i t t e n c e .  For each doub l ing  o f  the  pe r io d ,  a 1 . 5  t o  2 d e c i b e l s  i n c re a s e  in TTS2  

i s  observed .  But ,  t h i s  does no t  seem t o  hold f o r  very  s h o r t  per iods  and very high sound 
l e v e l s  ( l i n e  D).  B e s i d e s ,  i t  i s  not  c l e a r  whether d i f f e r e n c e s  in the  s l o p e s  o f  the  l i n e s  
r e l a t i n g  TTSp to  the  l ogar i thm o f  the  period merely  r e f l e c t  sampling errors  or i n t e r a c ­
t i o n s  with trie sound l e v e l  or o t he r  v a r i a b l e s .

Moreover,  the  per iod  can d r a m a t i c a l l y  i n f l u e n c e  the  pa t t ern  o f  recovery  from TTS, 
i f  one r e c a l l s  the  r e s u l t s  r eported  by Ward (19 70 ,  f i g .  5 ) ;  c y c l e s  o f  exposure and 
q u i e t  o f  1 0 - s e c  d u r a t i o n ,  producing r e l a t i v e l y  small  amounts o f  TTS2 > required more 
than 2 days f o r  comple te  r ecovery  in a number o f  s u b j e c t s .  I t  i s  s u r p r i s i n g  t h a t  t h i s  
obser va t io n  d id not  g i v e  r i s e  t o  more re search  on the  e x a c t  exposure  parameters t h a t  
were r e s p o n s i b l e  f o r  such an e f f e c t .  F i n a l l y ,  the  e f f e c t  o f  pe r iods  l onger  than 40 min 
have not  been s t u d i e d  as such.  For what l en g th  o f  the  per iod does an i n t e r m i t t e n t  e x ­
posure produce th e  same amount o f  TTS2  as a con t inuous  exposure  o f  equal  cumulated  
energy and t o t a l  exposure  t ime i s  s t i l l  an open q u e s t i o n .
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Fig.  2 .  TTS2 a t  4 kHz as a f u n c t i o n  o f  the  o n - f r a c t i o n
Line A: 1 - 1 . 5  min o n - o f f ,  106 dB, pink n o i s e  (Ward e t  a l . ,  1958)
Line B: 1 . 5  min o n - o f f ,  90 dB, 2 800-5600 Hz (Ward, 1976)
Line C: 1 . 5  min o n - o f f ,  95 dB, 2800-5600 Hz (Ward, 1976)
Line D: 40 min o n - o f f ,  90 dB, 2800-5600 Hz (Ward, 1976)
Line E: 50 min o n - o f f ,  105 dB, 1400-2000 Hz (Ward, 1970)

Fi g .  3 .  TTSg a t  4 kHz as a f u n c t i o n  o f  t h e  pe r io d  o f  i n t e r m i t t e n c e
Durat ion -  480 min ,  85 dB, 1200-2400 Hz (Ward, 1976)
Durat ion -  480 min,  95 dB, 1400-2000 Hz (Ward, 1970)
Durat ion -  128 min,  101 dB, pink n o i s e  (Hétu & T r ê m o l i è r e s ,  1977)  
Durat ion -  52 min,  112 dB, 1700-3400 Hz ( S e l t e r s  & Ward, 1962)

t t s 2 a t
Line A:
Line B:
Line C:
Line D:
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3.  The i n f l u e n c e  o f  t h e  sound le ve l  du r in g  th e  s o - c a l l e d  q u i e t  i n t e r v a l s

Recovery from TTS has g e n e r a l l y  been assumed to  t a k e  p la c e  a t  an opt imal  r a t e  when 
t h e  n o i s e  l e v e l  f a l l s  below th e  c r i t i c a l  l e ve l  f o r  th e  growth o f  TTS. This  l e v e l ,  d e ­
f i n e d  as " e f f e c t i v e  q u i e t "  was f i r s t  e s t i m a t e d  t o  be 85 dB SPL f o r  a broadband n o i s e  
(Ward e t  a l . ,  1958) and between 65 and 75 dB f o r  the  o c t av e  bands f o r  which the  e a r  i s  
more s e n s i t i v e  (Ward e t  a l . ,  1959) .  S u r p r i s i n g l y ,  o c t av e  band l e v e l s  between 85 and 
89 dB were adopt ed  in th e  CHABA c r i t e r i a  ( K r y t e r  e t  a l . ,  1966) and t h e  I n t e r s o c i e t y  
Committee ( R a d c l i f f e ,  1970) d e f i n e d  "no n o i s e"  as l e v e l s  below 90 dBA.

A number o f  s t u d i e s  has been performed s i n c e  t h a t  t i m e ,  us ing  e s s e n t i a l l y  two 
k inds o f  p r o c e d u r e s :  ( a)  measures o f  t h e  i n f l u e n c e  o f  the  sound le ve l  during  the  
q u i e t  i n t e r v a l s  o f  an i n t e r m i t t e n t  exposure  and (b) measures  o f  the  r a t e  of  r e c o v e ­
ry from a g iven TTS2 as a f u n c t i o n  o f  the  ambient  con t inuous  sound l e v e l .

R e s u l t s  from t h e  s t u d i e s  be lon g ing  to  t h e  f i r s t  group ( i . e . :  i n t e r m i t t e n t  expo ­
s u r e s )  c l e a r l y  showed t h a t  broadband n o i s e  l e v e l s  n ea r  o r  above 70 dBA dur ing  " q u i e t "  
i n t e r v a l s  d id  i n c r e a s e  th e  f i n a l  amount o f  TTS2 ( K l o s t e r k ô t t e r  e t  a l . ,  1970;
Schmideck,  Henderson & M ar gol i s ,  1972, 1975) .  R es u l t s  from th e  o t h e r  group of  s t u ­
d ie s  per formed by A u s t r i a n  r e s e a r c h e r s  (Lehnhard t  and Bucking,  1968; Schwetz e t  a l . ,  
1970; Dopier  e t  a l . ,  1973) i n d i c a t e  t h a t  r ecove ry  from TTS i s  a c t u a l l y  s lower  in  
a 70 dB SPL broadband no i s e  th a n  in  a q u i e t e r  c o n d i t i o n .  No such d i f f e r e n c e  was ob­
se rved  in  a 65 dB o c t a v e  band l e v e l  c e n t e r e d  a t  2000 Hz.

In a r e c e n t  s t u d y ,  Ward, Cushing and Burns (1976) by combining th e  two proce du ­
r es  ment ioned above (u s in g  an i n t e r m i t t e n c y  pe r i o d  o f  1 .5 min and a p o s t - e x p o s u r e  
p e r i o d  o f  2 hours)  ob ta in e d  o c t a v e  band l e v e l s  o f  e f f e c t i v e  q u i e t  t h a t  were s i m i l a r  
to  th o s e  e s t i m a t e d  f o r  the  most s e n s i t i v e  f r e q u e n c i e s  in  t h e  s tudy  performed in  1959 
( s e e :  Ward e t  a l . ,  1959) ,  t h e s e  l e v e l s  f a l l i n g  between 65 and 75 dB per  o c t av e .

In our  l a b o r a t o r y ,  we have s t u d i e d  th e  i n f l u e n c e  o f  t h e  l e ve l  o f  a con t inuous  
broadband n o i s e  on t h e  recove ry  from TTS wi th  2 groups o f  12 s u b j e c t s .

When compar ing,  in  a f i r s t  s e r i e s  o f  exper iment  (F ig ur e  4 A) t h e  e f f e c t  o f  a 
75 dBA to  a 40 dBA reco ve ry  c o n d i t i o n ,  s i g n i f i c a n t  d i f f e r e n c e s  (P < 0.01 -  Wilcoxon) 
were o b t a i n e d  between t h e  two c o n d i t i o n s  a f t e r  120 min o f  exposure .  In a second s e ­
r i e s  o f  e x p e r i m e n t s ,  f o u r  r eco ve ry  c o n d i t i o n s  were compared (50 ,  60,  70 and 80 dBA), 
as shown in  F igur e  4 B. At 50 dBA, a s i g n i f i c a n t  re co ve ry  (P < 0.006 - Friedman X2 ) ,  
was o b ta in e d  between th e  60th  and the 120th minu te  o f  e x pos u re ,  whi le  no such d i f f e ­
r en ce  could  be observed  a t  60 and 70 dBA. A s i g n i f i c a n t  i n c r e a s e  in  TTS was o b ta in e d  
a t  80 dBA f o r  th e  same p e r i o d .  Thus,  in  both s e r i e s  o f  e x p e r i m e n t s ,  d i f f e r e n c e  b e t ­
ween c o n d i t i o n s  e s s e n t i a l l y  occured dur in g  th e  second hour in  th e  r eco ve ry  e n v i r o n ­
ment.

These r e s u l t s ,  as well  as t h o s e  from the  s t u d i e s  ment ioned e a r l i e r ,  c l e a r l y  im­
p ly  t h a t  th e  d e f i n i t i o n s  o f  e f f e c t i v e  q u i e t  o r  "no n o i s e"  in  damage r i s k  c r i t e r i a  
based on TTS ( i . e . :  th e  CHABA and th e  I n t e r s o c i e t y  Committee p ro p o s a l s )  as well  as 
in  t h e  most r e c e n t  f o r m u l a t i o n  o f  th e  0SHA s t a n d a r d  (0SHA, 1981) do n o t  cor respond  
t o  c o n d i t i o n s  o f  op t imal  re co v e ry  from TTS. I t  a l s o  im p l i e s  t h a t  t h e  p r e d i c t i o n  o f  
th e  growth and th e  r eco ve ry  o f  TTS under  i n t e r m i t t e n t  exposure  must t a k e  i n t o  account  
th e  e f f e c t  o f  t h e  a c t u a l  sound le ve l  a s s o c i a t e d  wi th  what i s  c o ns id e re d  as a q u i e t  
i n t e r v a l ,  i f  such a p r e d i c t i o n  i n t e n d s  to  apply  to  real  l i f e  s i t u a t i o n s .
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Fig.  4. Recovery from TTS a t  4 kHz as a fun c t ion  of  the  ambiant sound leve l  ( p a r a ­
meter)  in two s ep a ra te  experiments A and B, each involving  12 s u b j e c t s .

4.  Impl ica t ions  fo r  a g ene r a l i z ed  t i m e - i n t e n s i t y  t r a d e - o f f  f o r  var ious  exposure 
p a t t e r n s

The m a jo r i t y  o f  p re sen t  North America l e g i s l a t i o n s  concerning noise  exposure l i ­
mi ts  and PTS re ly  on a 5-dBA t i m e - i n t e n s i t y  t r a d in g  r e l a t i o n s h i p .  This was based on 
a s i m p l i f i c a t i o n  of  c r i t e r i a  derived from TTS s t u d i e s  on i n t e r m i t t e n t  e x p o su r e s , a l ­
though the l i n k  between TTS and PTS i s  notwell  e s t a b l i s h e d .  As shown in Figure 1, 
such a t r a d e - o f f  i s  c e r t a i n l y  conserva t ive  r f  the  o n - f r a c t i o n  i s  smal le r  or  equal to  
0.5 to g e th e r  with a o n - o f f  per iod of 2-3 minutes and with a sound level  below 65 dBA 
during qu ie t  i n t e r v a l s .

Now, the  quest ion  i s :  does such a condi t ion ever  occurs  in ind us t ry ?  Few r e ­
p r e s e n t a t i v e  s t a t i s t i c s  on the  exposure p a t t e r n s  f o r  ty p i ca l  noisy j o b s i t e s  are 
p re sen t l y  a v a i l a b l e ;  s t u d i e s  on the  i n d u s t r i a l  noi se  environments have been more 
f r eq u e n t l y  concerned with the  sp ec t r a l  c h a r a c t e r i s t i c s  of  the  noi se  ( see:  Royster  
and Stephensen,  1976; B os t f o rd ,  1967). Experience show however:
- t h a t  the  actual  q u i e t  i n t e r v a l s  ( r e s t  per iods)  a re  very s h o r t  as compared to  the  

l ength o f  the  exposures to  high sound le v e l s
- t h a t  the  r e s t  per iods  are  no t  f requen t  in a normal workday
- and t h a t  they are f r eq u e n t l y  cha r ac te r i z e d  by sound l e v e l s  c l e a r l y  above 6 5 s even 

above 75 dBA.
In o th e r  words,  the  o n - f r a c t i o n s  are l a r g e r  than 0 . 5 ,  the  i n t e r m i t t e n c y  per iods  longer  
than a few minutes and the  t ime i n t e r v a l s  of  low no ise  l e v e l s  do not  re p r e se n t  e f f e c ­
t i v e  q u ie t  c o nd i t i ons .  The e f f e c t s  o f  the se  exposures are  more probably ne ar e r  those 
from varying noise condi t ion s  or  continuous exposures of  l e s s  than 8 hours than those 
from i n t e r m i t t e n t  no i s e .
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In t h i s  c o n t e x t ,  a uniform t i m e - i n t e n s i t y  t r a d e - o f f  o f  5 dBA is  c e r t a i n l y  inap ­
p r o p r i a t e ,  more e s p e c i a l l y  as the  o r i g i n a l  CHABA proposal  comprised a 2 dB sound 
l e v e l  i nc re as e  f o r  reducing the  du ra t ion  of exposure from 8 to 4 hours and a 3 dB 
i n c re a s e  f o r  a decrease  in exposure time from 4 to 2 hours or  from 2 to  1 hour.

The s i t u a t i o n  i s  even more paradoxica l  when one cons iders  t h a t  the  5-dBA t r a d e ­
o f f  i s  used to  s e t  l i m i t s  of  d a i l y  exposures which l a s t  more than 8 hours ( see:
OSHA, 1981).  Again,  to  my knowledge, no s t a t i s t i c s  on overt ime and on compressed 
workweek schedules  are p r e s en t l y  a v a i l a b l e .  But,  overt ime i s  not an un l i ke ly  event 
in  a number o f  j o b s i t e s  f o r  a m a jo r i t y  of  noisy p l a n t s .  The 5-dBA t r a d e - o f f  was ba ­
sed on the  f a c t  t h a t  f o r  an equal amount of  energy,  TTS was smal le r  when the expo­
sur e  was i n t e r m i t t e n t .  Now i t  i s  used to def ine  pe rm is s ib l e  exposures t h a t  produce 
asymptot ic  t h r e s h o l d  s h i f t s  (ATS; see:  Melnik, 1976; Nixon e t  a l . ,  1977). Recovery 
from ATS g e n e r a l l y  r eq u i r e s  more than 16 hours (Mil ls  e t  a l . ,  1970; Mosko e t  a l . ,
1970) while the  r e s t  period between two days work in t h i s  condi t ion i s  smal le r  than 
16 hours.  One would have expected t h a t  ATS data would have j u s t i f i e d  exposure l i m i t s  
f o r  du ra t i ons  longer  than 8 hours t h a t  were more co nse rv a t i ve .

5. Conclusion

A f a i r l y  l a r g e  number of  s tu d i e s  have been conducted on the  inf luence  of  the  t i ­
me pa t t e rn  of  noise  exposure on TTS. The amount of  data p re sen t l y  a v a i l ab l e  al lows 
one to p r e d i c t  the  growth and the  recovery of  TTS f o r  a number of  labora to ry  condi ­
t i o n s .  The use o f  exponent ial  models f o r  p re d i c t i n g  TTS has been shown by Keeler 
(1976) t o  be h ig h ly  accura te  f o r  a v a r i e t y  of  exposure p a t t e r n s .  However, these  
models need to  take  in to  account the  inf luence  of  the  exac t  sound leve l  during the  
s o - c a l l e d  q u i e t  i n t e r v a l s  as well as the  i n t e r a c t i o n  between the on - f r ac t i o n  and the  
in t e rm i t t e n cy  p e r io d ,  in orde r  t o  s t a t e  v a l i d  p r e d i c t i o n s  fo r  a majori ty  of rea l  l i f e  
s i t u a t i o n s .  More da ta  are needed to c l a r i f y  the exac t  c on t r ib u t i on  of  the o n - f r a c t i o n  
f o r  extreme values  of  the  per iod  l e n g th ,  t h a t  i s  a few seconds and an hour or  so.

Looking back to  the  way TTS s t u d i e s  were used to  s e t  gu ide l in es  f o r  i n d u s t r i a l  
no ise exposure cont ro l  ( i . e . :  The I n t e r s o c i e t y  Committee proposa l ,  see:  R a d c l i f f e ,  
1970) provides a good example of  o v e r s i m p l i f i c a t i o n  and premature g e n e r a l i z a t io n  of  
empir ical  ru l e s  bases on a l i m i t ed  number of l a b o ra to ry  obs er va t io ns .  Studies  of  the  
actual  exposure p a t t e r n s  in noisy  indus t ry  are s e r i o u s l y  needed before claiming being 
able to  p r e d i c t  the  growth and the  recovery of TTS in these  p a r t i c u l a r  condi t io ns .  
Whatever may be the  p r e d i c t i v e  va lue  of  TTS f o r  the  growth of  PTS, t h e re  i s  a need to  
know how the  a u d i to ry  pe rcept ion  of  m i l l i o n s  of  i n d u s t r i a l  workers i s  s ub je c t  d a i l y  
t o  ser ious  d is tu rb an ces  because of  occupational noise  exposure.
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H.L. Blachford, Ltd./Ltée 
is proud to have received the 1982 Technical Award 

from the Academy of Motion Pictures Arts & Sciences 
for the development of a special sound barrier, 

called Baryfol, used to quiet movie cameras
on sound sets.

Blachford has long been a forerunner in the 
development and manufacture of acoustical materials

for all applications.

We cover the A B C’s of noise control with our 
product lines of Aquaplas (vibration dampers), 

Baryfol (sound barriers) and Conaflex (sound absorbers).

Our thanks go to the Academy for honouring us
with this award.

Blachford


